TITLE OF THE INVENTION 
LAMINATED ENTRY AND EXIT MATERIAL FOR 
DRILLING PRINTED CIRCUIT BOARDS 


CROSS-REFERENCE TO RELATED APPLICATIONS 
This application claims priority from U.S. provisional application serial number 
60/290,594 filed on May 11, 2001, incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

OR DEVELOPMENT 
Not Applicable 

REFERENCE TO A MICROFICHE APPENDIX 
Not Applicable 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

This invention relates generally to the manufacture of printed circuit boards, and 
more particularly to an improved entry and exit material for drilling holes in printed circuit 
board panels. 
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2. Description of the Background Art 

Printed circuit board panels are typically manufactured as multi-layered panels 
having one or more copper conductive layers separated by at least one electrically 
insulating layer frequently made from epoxy-glass resin. During fabrication of the 
5 board, many holes must be drilled through the board to allow component leads and 
support structures to be secured onto the board. Drilling operations have historically 
created a certain number of defects in the final panel requiring additional work or the 
panel to be discarded. For example, entry and exit burrs often occur as a result of a 
build up of drill heat when using rotary drills. Sanding and de-burring equipment was 
10| developed to eliminate the burrs. However, drill burrs are often rolled back into the 
holes during processing of the board and provide a place for gases and solvents to 

in 

accumulate and may also preclude proper plating. 
^- - Excessive drill heat during the drilling process may also cause what is referred to 

fjj as hole smearing. A hot drill bit may soften and liquefy the epoxy insulating material 

igl from the laminate and smear it through the hole. One solution to the smearing problem 

fj 

M has been to apply a strong acid to etch back the smear. However, some material is 
resistant to acid etch back techniques. 

Hole contamination may also occur from the deposition of contaminants by the 
heated drill bit into the hole. Likewise, a heated drill bit may also cause nail heading. 
20 Nail heading occurs when one copper layer deforms and protrudes into an inner copper 
layer. Nail heading occurs when the drill bit accumulates material from poor quality 
laminates creating a dull and ineffective drill bit. The drill press will punch rather than 
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drill through the copper layers thereby pushing a portion of the metal layers into the 
hole. Pressure feet, used to keep the panel in position, have also been known to 
create marks in the soft copper conductive layer by engaging the surface as well as 
driving drilling remnants into the surface of the board. 

All of the aforementioned problems may lead to unreliable or unwanted electrical 
contacts in the circuit board leading to board failure. Accordingly, entry and back up 
materials were developed in an attempt to alleviate these problems. Entry materials 
were developed that are placed on the surface of the circuit board prior to drilling and 
exit materials were placed below the board. 

Early entry materials were typically made of paper to protect the board from the 
pressure foot of the drill. Later entry materials included a thin foil made of aluminum as 
a heat sink. Phenolic resins were added to the paper layer to provide rigidity and 
stability to the entry material. Entry materials have been reasonably effective in 
reducing entry burrs and reduced drill wandering. However, the phenolic resins 
sometimes contributed to hole smearing and occasional nail heading and such resins 
are resistant to acid etching. Foil layers were helpful in reducing drill temperatures but 
the overall service life of the drill bit was still diminished somewhat by the additional 
cutting required by the bit. 

Therefore, a need exists for an entry or exit material that will protect the surface 
of the circuit board, reduce drill bit wear and drill temperature, as well as reduce the 
incidence of burring, smearing, heading and drill wandering and the like. A need 
additionally exists for an entry or exit material that can be easily and inexpensively 
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fabricated. The present invention satisfies those needs, as well as others, and 
overcomes the deficiencies of previous material designs. 

BRIEF SUMMARY OF THE INVENTION 

The present invention comprises an entry material and an exit material for use in 
the drilling process, was well as a method of use. In general terms, the entry material of 
the present invention comprises a laminate sheet with a top metal foil layer, a center 
core layer, and a bottom foil layer and a method of use. The exit material of the present 
invention comprises a laminate of a foil layer or a paper layer and a fiberboard layer. 

By way of example, and not of limitation, in accordance with one aspect of the 
invention, an entry material is provided with a pair of foil sheets. Each foil sheet is 
laminated to either side of a paper core with an epoxy/particulate lubricant mixture 
under cold or hot pressure. In one embodiment, graphite powder having a particle 
diameter of between approximately five microns and fifty microns is added to the epoxy 
adhesive before lamination. The overall entry laminate thickness is preferably between 
approximately 0.007 inches and approximately 0.016 inches in thickness. The preferred 
thickness of the exit material of the present invention is between approximately 0.040 
inches and approximately 0.125 inches. 

Accordingly, a descending drill bit will encounter a top foil layer, a first layer of 
graphite and epoxy adhesive, a fibrous core layer, a second layer of graphite and epoxy 
adhesive and a bottom foil layer. Normally, however, the fibrous core will absorb the 
adhesive and lubricant mixture during the lamination process so that there are no 
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discrete layers of adhesive. 

In another embodiment of the entry material, the particulate lubricant that is 
mixed with epoxy is polyethylene glycol, having a molecular weight of between 
approximately 600 and approximately 4000. 
5 In yet another embodiment of the entry material, the bottom foil layer is omitted. 

In this embodiment, a single layer of foil is applied to a fibrous sheet with lubricant filled 
epoxy. 

Similarly, the exit or back-up material has a single foil layer that is adhered to a 
fiberboard layer with a homogeneous mixture of epoxy and a particulate lubricant of 

L i 

W graphite, polyethylene glycol or both. In one embodiment of the exit material, the 
=K fiberboard layer includes graphite or polyethylene glycol as a resin additive when the 

in 

J:^ fiberboard is fabricated. The preferred embodiment of the exit material of the present 
invention has a single foil layer adhered to the front and back sides of the exit material. 
The exit material is turned over after the first drilling with this embodiment to be used for 

UJ 

the drilling of a second set of printed circuit boards. 

la 

hi An object of the invention is to provide an entry or exit material for drilling printed 

circuit boards that improves drilling accuracy and reduces drill wear and drill 
temperature. 

Another object of the invention is to provide a laminate entry or exit material that 
20 has a lubricant in the adhesive that is evenly disbursed throughout the adhesive. 

A further object of the invention is to provide an entry and exit material that 
reduces burring and smearing, provides for efficient chip removal, and protects the 
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circuit board from damage from the pressure foot of the drill. 

Yet another object of the invention is to provide an entry and exit material that is 
inexpensive to manufacture and easy to use. 

Further objects and advantages of the invention will be brought out in the 
following portions of the specification, wherein the detailed description is for the purpose 
of fully disclosing preferred embodiments of the invention without placing limitations 
thereon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood by reference to the following 
drawings that are for illustrative purposes only: 

FIG. 1 is a schematic fragmentary cross-sectional view of one embodiment of an 
entry material according to the present invention. 

FIG. 2 is a schematic fragmentary cross-sectional view of one embodiment of a 
laminated exit material according to the present invention. 

FIG. 3 is an exploded cross-sectional view illustrating the elements of a method 
for drilling holes in a printed circuit board in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
Referring more specifically to the drawings, for illustrative purposes the present 
invention is embodied in the apparatus generally shown in FIG. 1 through FIG. 3. It will 
be appreciated that the apparatus may vary as to configuration and as to details of the 
parts, and that the method may vary as to the specific steps and sequence, without 
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departing from the basic concepts as disclosed herein. 

Referring first to FIG. 1 , the preferred embodiment of an entry material 10 
according to the present invention comprises a laminate of a first metal layer 12 bonded 
to a preferably fibrous core 14 with a mixture of epoxy resin and a particulate lubricant. 
5 Entry material 10 is preferably formed using a roll press or the like, either with or without 
heat. The resultant entry material 10 preferably has an overall thickness of 
approximately 0.007 inches to approximately 0.016 inches after removal from the press. 
Additionally, entry material 10 is of sufficient rigidity to preclude the entry laminate from 
lifting off of the surface of the circuit board during drilling and withdrawal of the drill bit in 
i5i the preferred embodiment. 

=p Metal layer 12 is preferably made of a metal foil, such as aluminum or aluminum 

^; alloys such as 3003 or 3004 or the equivalents that are commercially available. The 
thickness of metal layer 12 is preferably in the range of approximately 0.001 inches to 

f"i 

^ approximately 0.003 inches with approximately 0.002 inches being the preferred 
igj thickness. 

U Core 14 is preferably a cellulose paper but may be any type of fibrous material 

including fiberglass. Core 14 preferably has a thickness of between approximately 
0.002 inches and approximately 0.010 inches with approximately 0.005 inches being the 
optimum thickness. 

20 The adhesive to bond metal layer 12 to core 14 is preferably epoxy with a 

particulate lubricant additive. In one embodiment, the lubricant is preferably graphite 
with a particle size within the range of approximately 3 microns to approximately 50 
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microns in diameter. The graphite additive is preferably approximately 0.1 percent to 
approximately 10 percent by weight of the total mixture of epoxy and additive with 
approximately 2.0 percent being preferred. The graphite particles should be mixed 
thoroughly through the epoxy to assure an even distribution of the particles across the 
sheet. 

In an alternative embodiment, granular polyethylene glycol is added as the 
lubricant to the epoxy. In this embodiment, the polyethylene glycol has a molecular 
weight within the range of approximately 600 to approximately 4000 depending on the 
length of the polymer chain. The 600 molecular weight polyethylene glycol (PEG-600) 
is preferred. The adhesive may have a mixture from approximately 0.1 percent to 
approximately 10 percent by weight of polyethylene glycol with approximately 1.0 
percent being preferred. 

In embodiment of entry material 10 shown in FIG. 1, a second metal layer 16 is 
bonded to core 14 with a mixture of epoxy and particulate lubricant. Metal layer 16 may 
be thicker than the first metal layer 12 to provide additional rigidity to the laminate as 
well as provide more efficient heat sink than is given by a thinner metal sheet. Metal 
layer 16 may also be the same or thinner than layer 12 to allow layer 16 of entry 
material 10 to conform to a rough or unequal surface of the printed circuit board and 
thereby maintain intimate contact with the board. 

According to the present invention, the adhesive is typically applied to one side of 
the metal layer 12 or 16 to form a pre-laminate with the base or core 14. Adhesive may 
also be applied to the core 14 as an alternative. Thereafter, the pre-laminate is 
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preferably placed in a press to produce a laminate entry material 10 that is of uniform 
thickness. The pre-laminate may be "cold pressed" or "hot pressed" depending on 
whether a cold curing type of adhesive is selected. 

The preferred thickness of the entry sheet laminate 10 is within the range of 
5 approximately 0.007 inches to approximately 0.016 inches. During this process, the 
epoxy/lubricant mixture will normally impregnate the fibrous core 14 to produce a 
stiffened laminate sheet. 

Referring now to FIG. 2, an embodiment of an exit material 18 according to the 
invention is shown. Exit material 18 comprises a metal layer 20 and a baseboard layer 

r"'3 

iSj 22. Metal layer 20 is preferably a thin foil made of copper or aluminum that is bonded to 
base layer 22 with a mixture of epoxy and a particulate lubricant. Metal layer 20 

1^ preferably has a thickness within the range of approximately 0.001 inches to 
approximately 0.003 inches with approximately 0.002 inches being preferred. 

^ Typically, the drill bit will not advance into exit material 18 beyond one third of the 

ill 

thickness of the exit material before being withdrawn. Therefore, the preferred exit 
^=1, material 18 has a second metal layer 24 that is laminated to the base layer 22 as seen 

in FIG 2. This configuration allows the operator to turn the exit material over after the 

first drilling cycle in preparation for the next drilling cycle. 

Base layer 22 preferably comprises a dense fiberboard such as Lebanite™ that 
20 is approximately 0.040 inches to approximately 0.125 inches thick. Base layer 22 and 

metal layer 20 are compressed after the application of the lubricant-epoxy adhesive 

mixture to produce the desired product. 


RES2000.14A 


EL389422120US 


In an alternative embodiment of the exit material, base layer 22 is fabricated with 
particulate graphite or polyethylene glycol as a friction-reducing additive. For example, 
approximately 0.1 percent to approximately 10 percent of the total weight of the base 
layer 22 can be graphite, with approximately 2 percent graphite being preferred. 
5 Alternatively, the additive can be approximately 0.1 percent to approximately 10 percent 
by weight of polyethylene glycol, with approximately 1 .0 percent by weight prior to 
pressing and heating being preferred. Additionally, since higher molecular weight 
polyethylene glycol molecules have higher melting points than lower molecular weight 
molecules, additive polyethylene glycol particles are preferably within the range of 
iEf:J approximately 600 to approximately 4,000. Particles of higher molecular weight 

4;: polyethylene glycol will resist melting during the fabrication and lamination procedures. 

In 

H Accordingly, it can be seen that the exit material of this embodiment is not only strong 

flJ 

W1 and rigid but includes drill lubricant within the adhesive and the base material 14. 
jj Referring now to FIG. 3, a^ethod for drilling printed circuit boards utilizing the 

ip| entry and exit materials in accorc|ance with the present invention is generally shown, 
p. Entry material 10 is placed on the planar surface of a printed circuit board 24. The 
printed circuit board 24 is positioned over the exit material 18. The high speed drill 
1^ spindle 26 and pressure foot/28 are lowered down until they engage the upper surface 
of the entry sheet 10 and the drill bit 30 proceeds through the entry material, the printed 
20 circuit board 24 and into tne exit material 18 before being withdrawn. In the 

embodiment shown in Fl^. 3, there are a total of three metal layers that act as heat 
sinks to draw heat froni'the drill bit 30 including layers 12 and 16 of the entry material 
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and layer 20 of^he exit material. 

The temperature of the drill is also reduced by the release of lubricant when the 
drill bit 30 advances through the entry material 10 as well as the exit material 18. The 
lubricant reduces the frictional forces experienced by the drill bit 30 during the drilling 
5 cycle. Reduced friction and temperatures allow the drill bits to have longer useful life 
spans and thereby decrease the frequency of replacement of the bits and machinery 
down time. 

Accordingly, it will be seen that this invention provides an entry and exit laminate 
material that includes at least one metal layer bonded to a fibrous base layer by a 
^m mixture of epoxy adhesive and a particulate lubricant. Although the description above 
4^ contains many specificities, these should not be construed as limiting the scope of the 
'^'^ invention but as merely providing illustrations of some of the presently preferred 

fiJ 

^ ' embodiments of this invention. Therefore, it will be appreciated that the scope of the 

fa present invention fully encompasses other embodiments which may become obvious to 

• 'J 

igj those skilled in the art, and that the scope of the present invention is accordingly to be 

Q 

H' limited by nothing other than the appended claims, in which reference to an element in 
the singular is not intended to mean "one and only one" unless explicitly so stated, but 
rather "one or more." All structural, chemical, and functional equivalents to the 
elements of the above-described preferred embodiment that are known to those of 
20 ordinary skill in the art are expressly incorporated herein by reference and are intended 
to be encompassed by the present claims. Moreover, it is not necessary for a device or 
method to address each and every problem sought to be solved by the present 
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invention, for it to be encompassed by the present claims. Furthermore, no element, 
component, or method step in the present disclosure is intended to be dedicated to the 
public regardless of whether the element, component, or method step is explicitly 
recited in the claims. No claim element herein is to be construed under the provisions 
of 35 U.S.C. 112, sixth paragraph, unless the element is expressly recited using the 
phrase "means for." 
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